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ABSTRACT. We developed a co-culture system with mouse spleen cells and osteoblastic cells to examine the role of 
osteoblasts in osteoclast formation. When mouse spleen cells and osteoblastic cells isolated from fetal mouse 
calvariae were co-cultured in the presence of 10 nM la, 25-dihydroxyvitamin D 3 [ la, 25(OH) 2 D3 ) # numerous tartrate- 
resistant acid phosphatase (TRACP)- pos i t i ve mononuclear and multinucleated cells were formed within 8 days. 
Neither the same co-cultures without the vitamin nor separate cultures of either spleen cells or osteoblastic 
cells with the vitamin produced TRACP-posi tive cells. Salmon calcitonin (CT) markedly increased cAMP production 
in the co-cultures treated with la, 25(OH) 2 D 3- Autoradiographic studies clearly demonstrated that [ I]-CT 
specifically bound to the TRACP-posi tive cells formed in the co-cultures with the vitamin. When spleen cells and 
osteoblastic cells were co-cultured on dentine slices in the presence of la, 2 5 (OH ) 2^ 3 » numerous resorption 
lacunae were formed on the slices. Neither co-cultures of alveolar macrophages and osteoblastic cells nor those 
of spleen cells and mouse skin-derived fibroblasts induced TRACP- pos i tive cells even in the presence of 
la, 25(OH) 2 D 3 . When spleen cells and osteoblastic cells were cultured separately from each other by a membrane 
filter (0.45 Mm), no TRACP-pos i ti ve cells were formed. These results indicate that osteoblastic cells are 
required for the differentiation of osteoclast progenitors in splenic tissues into multinucleated osteoclasts. 



We have reported that os teoc 1 a s t-1 i ke multi- 
nucleated cells (MNCs) are formed within 6 to 8 days 
in mouse marrow cultures in the presence of bone- 
resorbing hormones such as la, 25(OH) 2 D-j, parathyroid 
hormone (PTH) and prostaglandin E 2 (PGE 2 ). The MNCs 
had several characteristics of osteoclasts: TRACP 
activity, CT receptors and resorption of calcified 
dentine (1-3). In this marrow culture system, most 
of the TRACP-posi tive MNCs were formed adjacent to 
colonies of alkaline phospha t ase-pos i t i ve cells 
(probably osteoblasts). This suggests that osteo- 
blasts are somehow involved in osteoclast formation 
(1). 

To further examine the involvement of osteo- 
blasts in osteoclast formation, we developed a co- 
culture system with mouse spleen cells and osteo- 
blastic cells freshly isolated from mouse calvariae. 
We report here that osteoblastic cells are required 
for the differentiation of osteoclast progenitors in 
splenic tissues into multinucleated osteoclasts. 

MATERIALS AND METHODS 

Preparation of Cells : The mice used in this experi- 
ment were all ddy strain. Osteoblastic cells were 
isolated from the calvariae of 17-day-old fetal mice. 
Twenty to thirty calvariae were collected and applied 
to routine five sequential digestions, using a solu- 
tion of phosphate buffered saline (PBS) containing 
0.1% collagenase (Wako Pure Chemical Industries, 
Osaka, Japan) and 0.2% dispase (Godo Shusei, Tokyo, 
Japan). Cells isolated in fractions 3 and 4 were 
combined and cultured in a-minimal essential medium 
(a-MEM) containing 10% hea t- inac t i va ted fetal calf 
serum (FCS; GIBCO, Grand Island, NY) in 25-cm 2 cul- 
ture flasks (CORNING, Corning, NY) at 10 6 cells/flask 
until they became confluent. Cells were then 
detached from the flasks by trypsin-EDTA (GIBCO), 
collected by cen trif ugat ion (1500 rpm, 10 min), sus- 
pended in a-MEM containing 10% FCS, and plated in 25- 
cm flasks at 5 x 10 5 cells/flask. After incubation 
at 37°C for 1 h, non-adherent cells were removed by 
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washing the flasks thoroughly with PBS. The adherent 
cells were then cultured for 4 days and used for 
experiments. These cells had typical properties of 
osteoblasts such as alkaline phosphatase activity and 
cAMP production in response to PTH. All cultures 
were maintained at 37°C in a humidified atmosphere of 
5% C0 2 in air. Fibroblasts obtained from cutaneous 
tissues of 5-day-old mice by the same collagenase- 
dispase digestion were similarly cultured in a-MEM 
containing 10% FCS. Alveolar macrophages and spleen 
cells were obtained from 7-week-old male mice as 
previously reported (4). The number of nucleated 
cells in the spleen cell suspension was determined in 
2% acetic acid. 

Co-culture Syste m: Spleen cells (5 x 10 5 cells/well) 
and osteoblastic cells (10 4 cells/well) were 
cultured in a-MEM containing 10% FCS, separately or 
in combination, in 24-well culture plates (CORNING, 
0.75 ml/well) in the presence or absence of 10 nM 
la,25(OH) 2 D 3 (Philips Duphar, Amsterdam, The 
Netherlands). In some co-cultures, osteoblastic 
cells were replaced by fibroblasts, and spleen cells 
by alveolar macrophages. To investigate whether the 
direct interaction between spleen cells and osteo- 
blastic cells is required for osteoclast formation, 
we used intercells with membrane filters (0.45 um) at 
the bottom (Kurabo Spinning, Osaka, Japan). An 
intercell was placed in each well, and spleen cells 
and osteoblastic cells were cultured separately from 
each other by a membrane filter in the presence or 
absence of 10 nM la, 25(OH ) 2 D 3 . All cultures were fed 
every 3 days by replacing 0.5 ml old medium with 
fresh medium. 

Determination of Osteoclast Characteristics : After 
being cultured for 8 days, adherent cells on the 
culture wells were fixed and stained for TRACP as 
described previously (1). Cells containing three or 
more nuclei were counted as MNCs. CT-dependent cAMP 
production was determined as described previously 
(2). Cells were incubated with 10 nM salmon CT 
(kindly provided by Dr. M. Sawai, Teikoku Hormone 
Manufacturing, Kawasaki, Japan) in the presence of 1 
mM isobutylmethylxanthine for 15 min. The amount of 
cAMP in the cell layer was determined using a Yamasa 
cAMP assay kit (Yamasa Shoyu, Chiba, Japan). The 
results are expressed as the ratio of the cAMP pro- 
duction in cultures treated with CT to that in 
cultures without CT. Appearance of CT receptors was 
assessed by autoradiography using [ 125 I ) -salmon CT as 
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described previously (2). To examine the bone- 
resorbing activity of cultured cells, spleen cells 
were co-cultured with osteoblastic cells on sperm 
whale dentine slices (kindly provided by Dr. A. 
Boyde, University College London) in the presence or 
absence of 10 nM la, 25(OH) 2 D 3 . After 8 days of 
culturing, resorption lacunae formed on the slices 
were detected using a scanning electron microscope as 
described previously (1). 

RESULTS 

Many TRACP-positive mononuclear cells and MNCs 
were formed within 8 days in the co-cultures of mouse 
spleen cells and osteoblastic cells in the presence 
of 10 nM la, 25(OH) 2 D 3 . But no TRACP- pos i ti ve cells 
appeared in the separate cultures of either spleen 
cells or osteoblastic cells in the presence or 
absence of the vitamin (Fig. 1). In the co-cultures, 
TRACP-positive MNCs appeared first on day 4 and 
their number attained a maximum on days 8 to 12 (data 
not shown). la,25(OH) 2 D 3 increased the number of 
TRACP-positive MNCs dose-dependently; the minimal and 
maximal effective concentrations of the vitamin were 
0.1 and 10 nM, respectively. Salmon CT induced cAMP 
accumulation only in the co-cultures with the vitamin 
(Fig. 1). 

Figure 2 shows autoradiographs of the binding of 
[ 125 I]-CT to TRACP-positive mononuclear cells and 
MNCs formed in the co-cultures treated with la,25- 
s More than 90% of the TRACP-positive cells 
"~:]-CT (Fig. 2A). Addition of ah excess 
amount of unlabeled CT to the incubation mixture 
completely blocked the accumulation of [ 125 I]-CT on 
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Fig. 1. Effect of la,25(OH) 2 D 3 on the TRACP-positive 
MNC formation and the CT-dependent cAMP production in 
the separate cultures and the co-cultures of spleen 
cells and osteoblastic cells. 

Mouse spleen cells and osteoblastic cells were 
cultured, separately or in combination, in the ab- 
sence or presence of 10 nM la, 25(OH ) 2 D 3 - After 8 
days of culturing, the number of TRACP-positive MNCs 
formed (upper panel) and the CT-dependent cAMP pro- 
duction (lower panel) were determined. Amounts of 
cAMP in each control culture were 0.60 ± 0.04 for 
osteoblastic cells, 0.06 ± 0.01 for spleen cells and 
0.53 ± 0.12 pmol/well for spleen cells and osteo- 
blastic cells (means ± SEM of 4 cultures). 




Fig. 2. Autoradiography of [ 125 I]-CT binding in the 
co-cultures of spleen and osteoblastic cells. 
Mouse spleen cells and osteoblastic cells were co- 
cultured on Lux coverslips for 8 days in the presence 
of 10 nM la, 25(OH) 2 D 3 . Cells were then incubated 
with [ 125 I]-CT (0.2 nM) at 22°C for 1 h in the 
absence (A) or presence (B) of an excess amount (300 
nM) of unlabeled CT, then stained for TRACP and 
processed for autoradiography. Arrows indicate TRACP- 
positive cells, (x 260). 




Figure 3. Scanning electron micrographs of dentine 
slices on which mouse spleen cells and osteoblastic 
cells were co-cultured in the presence (A) or absence 
(B) of 10 nM la,25(OH) 2 D 3 for 8 days, (x 60). 



TRACP-positive cells (Fig. 2B). 

When spleen cells and osteoblastic cells were 
co-cultured for 8 days on the dentine slices in the 
presence of la, 25(OH) 2 D 3 , numerous resorption lacunae 
appeared on their surfaces (Fig. 3A). In contrast, 
no resorption lacunae were formed in the same co- 
culture system without the vitamin (Fig. 3B). 

The combination of spleen cells and osteoblastic 
cells seemed specific for TRACP-positive cell 
formation. No TRACP-positive cells were formed in 
co-cultures' of either spleen cells and fibroblasts or 
alveolar macrophages and osteoblastic cells (Table 1, 
Exp. 1). When spleen cells and osteoblastic cells 
were cultured separately from each other by a 
membrane filter (0.45 urn), no TRACP-positive cells 
were formed in the same co-culture system without the 
vitamin (Table 1, Exp. 2). Conditioned . media (25- 
100%) obtained from the cultures of either osteo- 
blastic cells or spleen cells treated with 10 nM 
la,25(OH) 2 D 3 for 4 days induced no TRACP-positive 
cells in either separate culture. Like la, 25(OH) 2 D 3 , 
synthetic human PTHQ-34) (100 ng/ml) and PGE 2 (1 UM) 
stimulated TRACP-positive MNC formation in the co- 
cultures of spleen cells and osteoblastic cells, 
though their effects were relatively weak (the number 
of TRACP-positive MNCs/well: 275 ± 49 for 
la,25(OH) 2 D 3 , 28+4 for PTH, and 50 ± 19 for PGE 2 , 
means ± SEM of 4 cultures). 
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Table 1. Effect of la,25(OH) 2 D 3 on TRACP-positive MNC formation in different co-culture systems 



Co-culture systems 



TRACP- positive MNCs 
( number/well > 
Control 10,25(08)203 



Experiment 1 










spleen cells + osteoblastic cells 


0 


157 


± 


23 


spleen cells + fibroblasts 


0 




0 




alveolar macrophages + osteoblastic cells 


0 




0 




Experiment 2 










Intercell Culture well 










osteoblastic cells + spleen cells 


0 


125 


± 


21 


osteoblastic cells spleen cells 


0 




0 




spleen cells osteoblastic cells 


0 




0 





In Experiment 1, mouse spleen cells and osteoblastic cells (lane 1), spleen cells and fibroblasts (lane 2), and 
alveolar macrophages and osteoblastic cells (lane 3) were co-cultured in the presence or absence of 10 nM 
loc,25(OH) 2 D 3 . In Experiment 2, spleen cells and osteoblastic cells were cultured separately from each other by a 
membrane filter in the presence or absence of 10 nM lot,25(OH) 2 D 3 . After 8 days of culturing, the TRACP- positive 
MNCs formed were scored. The results are expressed as the means ± SEM of 4 cultures. 



DISCUSSION 

It is reported that osteoblasts produce a 
soluble factor in response to bone-resorbing agents, 
which stimulates isolated osteoclasts to induce bone 
resorption (5,6). In the present study, TRACP- 
positive mononuclear cells and MNCs were formed only 
in the co-cultures of spleen cells and osteoblastic 
cells in the presence of la, 25(OH) 2 D 3 . CT greatly 
stimulated cAMP production only in the co-cultures 
with the vitamin (Pig. 1). [ 125 I]-CT bound exclu- 
sively to the TRACP-pos iti ve mononuclear cells and 
MNCs formed in the la, 25(OH) 2 D 3 ~treated co-cultures 
(Fig. 2). Also, numerous resorption lacunae appeared 
only when TRACP-pos iti ve MNCs were formed (Fig. 3). 
These results support the conclusion that the charac- 
teristics of TRACP-positive MNCs formed in the co- 
cultures of spleen cells and osteoblastic cells are 
identical to those of osteoclasts. 

Neither TRACP-positive MNCs nor CT-dependent 
cAMP production was induced in the separate cultures 
of either spleen cells or osteoblastic cells. 
Replacements of osteoblasts by fibroblasts, or spleen 
cells by alveolar macrophages failed to induce TRACP- 
positive cells (Table 1). It is therefore unlikely 
that osteoblasts simply act as a "feeder layer" for 
osteoclast formation. These findings suggest that 
osteoclast progenitors are present in splenic tissues 
and they differentiate into multinucleated osteo- 
clasts under the control of osteoblasts. In support 
of our findings, Burger et al. (7) have reported that 
bone-forming cells are required for osteoclast for- 
mation in co-cultures of spleen cells and embryonic 
bone rudiments devoid of osteoclasts. 

It is of considerable interest that TRACP- 
positive MNCs were not formed when spleen cells and 
osteoblastic cells were cultured separately from each 
other by a membrane filter. This suggests that 
either direct contact of osteoclast progenitors with 
osteoblasts or a close microenvironment between them 
is required for osteoclast development. Further 
studies are needed to elucidate the precise interac- 
tion between osteoblasts and osteoclast progenitors. 
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